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Abstract: In this article, we investigate the effect of different energy variables on economic growth of
several oil-importing EU member states. Three periods from 2000 to 2020 were investigated. Three
different types of regression models were constructed via the gretl software. Namely, the OLS, FE,
and SE approaches to panel data analysis were investigated. The FE approach was chosen as the final
one. The results suggest the importance of the consumption of both oil and renewable energy on
economic growth. Crises of certain periods also had a noteworthy effect as well.

Keywords: European Union; oil; renewable energy; coal; economic growth; gross domestic product;
ordinary least squares; fixed effect; selection effect; econometrics; gretl software

1. Introduction

The topic of oil importation to EU member states has always been a hot topic. And in
light of recent events and sanctions on Russia, more and more attention is being paid to the
effect that changes in the levels of energy consumption may have on the economy.

In this work, we aim to investigate the potential effect that different energy variables
may have on the economic growth of several EU members states that are commonly
identified as oil importers. Some of the variables chosen by us were influenced by past
literature [1-9], which will be discussed in the next section. The main variable is GDP (in
current USD). The explanatory variables are: oil price per barrel (USD), oil consumption,
coal consumption, renewable energy consumption and, where appropriate, time dummies
for significant shifts in GDP. All consumption variables are measured in exajoules. The
chosen countries have been member states since 2000, and have not left the EU during the
period from 2000 to 2020. The list of countries is as follows: Germany, France, Austria,
Belgium, Romania, Spain, Portugal, Finland, Netherlands, and Sweden.

Based on obtained data for the period from 2000 to 2020, we created a panel data set.
For this data set, we investigated the application of OLS, FE, and SE approaches [10-17] to
regression. The results for all periods will be shown in a later section. Periods were chosen
for the analysis: 20062013, 2014-2020, and 2006—2020. Models were constructed for all
time periods. Further tests were also conducted for the final chosen model type.

Next, the main theoretical approaches taken will be discussed. This part will cover the
general forms of econometric models being reviewed.

The analyzed articles allow us to find out the contribution of production to sustainable
growth and development. For example, research [18] has identified the place of responsible
production and consumption in many goals of sustainable development and growth. The
study [19] allowed us to clarify the relationship between existing estimates and the need
for transformations in panel data models in order to minimize errors. The AMT model
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presented in study [20] provides significant efficiency for sustainable and lean production,
which is a practical help in making decisions on the choice of sustainable growth models.

The development of economic and mathematical tools for assessing the level of invest-
ment attractiveness on the example of oil companies is an important component, because
the oil industry is a driver of the economic development of any country. The mathematical
methods presented in article [21] make it possible to identify metrics and variables that
characterize sustainable development trends on the example of oil companies and take
them into account in further analysis.

After this, models for different time periods will be constructed. The most important
information on chosen data and variables will also be discussed. Based on the tests
conducted automatically by the gretl software, we will explain our final choice for the
modeling approach.

As we get closer to the end, we turn to the final version of the model for our research.
Yet again, all three periods will be covered. The results of the regression, as well as their
interpretation, will be reviewed in this part.

Finally, we will turn to the conclusion for this research. Our findings for different periods
will be summarized once again. Based on them, we will also mention the potential ways that
information obtained in this research can be used in economic, social, and political scenarios.

In each of the studies, the authors focused on a specific aspect of the problem. For
example, in study [10], the authors identified CO, as a central element of economic value. The
study [11] focused on the volume of electricity generation. The study [12] is devoted to the
impact of the life cycle on sustainable development in the field of clean and affordable energy.

Thus, a distinctive feature of this study is that previous studies have identified various
indicators that affect the sustainable development of the analyzed countries. Our study
reaches the results, clarifies the previously identified observations, and, on the basis of
research methods, allows us to more accurately calculate the model that illustrates the
impact of our results on economic growth.

Hypothesis 1. Countries of EU must pay more attention to the area of renewable energy and the
way it can be implemented in order to enforce the GDP growth in these countries.

2. Materials and Methods

As our data covers dynamics for different variables for different countries. Over a
period of time, we can confidently say that we are dealing with Panel Data. Therefore,
the choice of models must also be appropriate. We limited ourselves to three main types,
mainly: the Pooling (or Ordinary) regression (or Ordinary Regression) approach, the Fixed
Effects (or “within”) approach and the Random Effects approach. Their theoretical forms
can be seen below:

Ordinary Linear Regression (OR) or Pooling regression:

Yip =0 +BT-xi 4 + iy 1
Uiy ~ iif (O; (72)
(independent and identically distributed), where o«—coefficient vector (the same for all
objects); BT = (B1; B2 - - - ; Px)—the same (for all objects).
Fixed effects model (FE) or “within”:
Yip =0 +B7xip + i 2)
Uiy ~ iz’f(O;«fz)

where «; is the coefficient vector with individual effect for each object, interpreted as a
nonrandom constant; BT = (B1; Ba; . . . ; Bx)—the same (for all objects).
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Random effect model (RE):

Vi =0+ + Blxip + v 3)

Vig ~ iif(O;(rZ);mi ~ iif(0;02);E(vi/t-mi) —0

where m; is an individual effect for each object, interpreted as a random variable that
maintains a constant value for all t, &, 8; BT = (B1; Ba; - - - ; Bx)—the same (for all objects).

2.1. Building Models, Modelling, Testing Models

The article attempts to find out how much social, environmental, and human-centric
indicators [22,23] affect the sustainability of economic development of the economy. How
universal the GDP indicator is and whether its use is justified in making economic decisions
was one of our considerations. Does it accurately reflect people’s well-being? Long-term
policies based on the GDP criterion are irrational to measure a country’s overall progress.
To assess a country’s progress, the use of a GDP indicator is not sufficient. After extensive
review, the authors found that GDP was intentionally designed to measure only economic
activity, which cannot be equated with social or human well-being [24].

The analyzed studies, in particular [25], assess how renewable energy sources interact
with international trade and environmental quality in the analyzed countries from 2001
to 2018 years. The results show that renewable energy is strongly and positively linked
to international trade. In addition, the results show that the consumption of renewable
energy has a positive effect on the quality of the environment. In addition, the results
provide a theoretical framework for the formulation of clean and sustainable development
policies to understand the role of renewable energy in stimulating international trade,
which maintains a balance between eco-environmental sustainability at the macro and
micro levels.

The data for energy variables was taken from BP’s Statistical Review of World Energy
2021 [26]—Dbeing the latest one available. The data for GDP was taken from the World Bank
and are shown in Figure 1.

GDP (current USS)
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Figure 1. Data for GDP.

Below, the dynamics for GDP can be seen: In general, we observe similar dynamics for
the reviewed member states. Germany seems to be the biggest one in terms of consumption,
with Spain and France following behind it. Noteworthy changes can be associated with
economic crises, such as the 2008 recession, or with oil-related shocks. We also see an
increase in terms of the usage of renewable energy. However, it seems that coal is being
gradually phased out.

As stated previously, three periods were chosen: 2006-2013, 2014-2020, and 2006-2020.
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Our dependent variable is GDP, as it is the most common measure of economic growth.
Our exogenous variables are:

Crude oil price per barrel.

Crude oil consumption (exajouls).

Coal consumption (exajouls).

Renewable energy consumption (exajouls).
Time dummy variable.

The first two were chosen to show the impact of 0il consumption on economic growth.
Coal consumption was added to show the effect of another type of fossil fuel. Renewable
energy consumption was investigated, as it is very much the alternative to oil. Time dum-
mies were added to account for crises and other major shifts. Initially, we also considered
the inclusion of data on nuclear energy and natural gas consumption. However, the data
on the former was missing for several countries, while the latter had troubling levels of
correlation with other explanatory variables.

The Pooled regression model, Pooled weighted regression model, Fixed Effects, and
Random Effects models were built for early 2000s, and they were compared with each other
for accuracy and adequacy. The decision was made in favor of Fixed Effects model.

The main conclusions derived from this model are the following: it is important to
mention that there was a multi-caliber in oil consumption between models of 2000-2008 and
2006-2020. This was due to the fact that the price of oil had rebounded strongly since 2005-
2006, which did not have a negative impact on GDP. We believe that this situation caused
multicollinearity in our model—this was a characteristic feature of the period 2000-2008,
since, in the subsequent period 2006-2020, there was no such effect in this indicator.

Thus, start with testing the Pooled regression model [27] for EU countries for the
period 2006-2013 period:

Pooled regression model was built, and some important tests were made (Figure 2):

Model 1: Pooled OLS, using 80 observations
Included 10 cross-sectional units
Time-series length = 8

Dependent variable: GDPblnUSD

coefficient std. error t-ratio p-value

const -486.802 166.665 -2.921 0.0046 AR
CrudeoilpriceUSD~ 4.15776 1.79594 2.3 0.0233 ok
Oilexajoules €10.845 36.8939 16.56 9.26e-027 **x*
Coalexajoules 138.097 72.9894 1.892 0.0623 -
Renewablesexajou~ 148.804 254.742 0.5841 0.5609

Mean dependent var 1054.277 S.D. dependent var 1104.923

Sum squared resid 6261397 S.E. of regression 288.9382

R-squared 0.935080 Adjusted R-squared 0.931617

F(4, 75) 270.0658 P-value (F) 1.05e-43

Log-likelihood -564.2306 Akaike criterion 1138.461

Schwarz criterion 1150.371 Hannan-Quinn 1143.236

rho 0.857739 Durbin-Watson 0.202333

Excluding the constant, p-value was highest for variable 7 (Renewablesexajoules)

White's test for heteroskedasticity -
Null hypothesis: heteroskedasticity not present
Test statistic: LM = 53.71S8
with p-value = P(Chi-square(l14) > 53.7158) = 1.43654e-06

Figure 2. Pooled regression model.

We see that R? = 0.9316, which means that 93.16% of changes in the GDP level were
explained by the changes in exogenous variables [28] (Crude oil price, Oil, Coal, and
Renewables) within the linear regression model.

Fiest shows us whether R? is random. We compared the value of the statistic with the
critical value of the corresponding Fisher distribution at a significance level of 1% (Figure 3):
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F(4, 795)
right-tail probability = 0.01
complementary probability = 0.99

Critical value 3.58011

Figure 3. Compare the value of the statistic with the critical value of the corresponding Fisher
distribution at a significance level of 1%.

F(4,75) = 270.07 > F.; = 3.58, which means that R* was not formed under the
influence of random variables, and the quality of the specification model was high.

Now then tested our model for heteroscedasticity (Figure 4).
White's test for heteroskedasticity

OLS, using 80 observations
Dependent variable: uhat”2

coefficient std. error t-ratio p-value

const 378945 302395 1.253 0.2146
CrudeoilpriceUSD~ -7715.17 7117.66 -1.084 0.2824
Oilexajoules -16924.7 71674.1 -0.2361 0.8141
Coalexajoules 196735 150777 1.305 0.1966
Renewablesexajou~ -1.11926e+06 659611 -1.697 0.0945 =*
sq_Crudeoilprice~ 38.7508 40.224¢6 0.9634 0.3389
X2_X3 605.921 €683.761 0.8862 0.3788
X2_X4 -2882.57 1425.48 -2.022 0.0473 **
X2_X5 10815.6 6018.80 1.797 0.0770 *
sqg_Oilexajoules 5607.01 11312.5 0.4956 0.6218
X3 _X4 -18090.8 48694.7 -0.3715 0.7115
X3_X5S 242710 152074 1.596 0.1153
sq_Coalexajoules -14650.6 48517.4 -0.3020 0.7636
X4_XS 61925.2 159168 0.3891 0.6985
sq_Renewablesexa~ -838470 461840 -1.815 0.0741 *
Unadjusted R-squared = 0.671448

Test statistic: TR"2 = 53.715837,

with p-value = P(Chi-square(l14) > 53.715837) = 0.000001

Figure 4. Testing the model for heteroscedasticity.

There was heteroscedasticity in the model. The most significant variable was Renew-
ables. We built a weighted least squares model to remove heteroscedasticity.

The Pooled weighted regression model then looked as it does in Figure 5.
Model 5: WLS, using 80 observations

Dependent variable: GDPblnUSD
Variable used as weight: Renewablesexajoules

coefficient std. error t-ratio p-value

const -906.748 222.029 -4.084 0.0001 ok
Oilexajoules 634.792 45.7803 13.87 2.17e-022 **%
Coalexajoules 228.433 58.6854 3.892 0.0002 ok
Renewablesexajou~ -214.160 209.663 -1.021 0.3103
CrudeoilpriceUSD~ 8.62512 2.23655 3.856 0.0002 AR

Statistics based on the weighted data:

Sum squared resid 1716556 S.E. of regression 151.2859

R-squared 0.947549 Adjusted R-squared 0.944752

F(4, 75) 338.7297 P-value (F) 3.58e-47

Log-likelihood -512.4672 Akaike criterion 1034.934

Schwarz criterion 1046.845 Hannan-Quinn 1039.710

Statistics based on the original data:

Mean dependent var 1054.277 S.D. dependent var 1104.923

Sum squared resid 6854681 S.E. of regression 302.3173

Excluding the constant, p-value was highest for variable 7 (Renewablesexajoules)

Figure 5. Testing Pooled regression models.
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R? = 0.9448, which means that 94.48% of changes in the GDP level were explained by
the changes in exogenous variables within the linear regression model.

p-value (F) = 3.58 x 10~*—the value was also very small, which means that R? was
not formed under the influence of random variables, and the quality of the specification
model was high [29].

In the Pooled regression model, rho = 0.86, which was close to 1, which means there
was a huge chance of having individual effects.

Now then compared Fixed Effects model with Pooled regression model (Figure 6).

Model 3: Fixed-effects, using 80 observations
Included 10 cross-sectional units

Time-series length = 8

Dependent variable: GDPblnUSD

coefficient std. error t-ratio p-value

const 469.174 252125 1.861 0.0672 *
Oilexajoules 227.037 122.774 1.849 0.0689
Coalexajoules -139.940 134.867 -1.038 0.3032
Renewablesexajou~ 536.659 180.746 2.969 0.0042 *xx
CrudeoilpriceUSD~ 1.68001 0.642709 2.614 0.0111 *=*

Mean dependent var 1054.277 S.D. dependent var 1104.923

Sum squared resid 592077.2 S.E. of regression 94.71466
LSDV R-squared 0.993861 Within R-squared 0.311348
LSDV F(13, 6€6) 821.9378 P-value (F) 1.28e-67
Log-1likelihood -469.8897 Akaike criterion 967.7794
Schwarz criterion 1001.128 Hannan-Quinn 981.1497
rho 0.027463 Durbin-Watson 1.482783

Joint test on named regressors -
Test statistic: F(4, 66) = 7.4598¢6
with p-value = P(F(4, 66) > 7.45986) = 5.08258e-05

Test for differing group intercepts -
Null hypothesis: The groups have a common intercept
Test statistic: F(9, 66) = 70.2189
with p-value = P(F(9, 66) > 70.2189) = 2.51686e-30

Figure 6. Compare Fixed Effects and Pooled regression models.

We tested the Fixed Effects model using the Joint test on named regressors.
p-value = 5.08258 x 10~°—the value was very small compared with the alpha value, so we
chose the Fixed effects model from these two models.

Next, we checked the 3rd premise of the Gauss-Markov theorem—the presence of
autocorrelation. We performed the Durbin-Watson statistic test with the 5% significance
level. We obtained the critical values d; = 1.5337 and dy; = 1.7430. The DW statistic was
1.4827. As we see, there was an autocorrelation. However, it will be explained further.

Now let’s check our model for adequacy, for this we calculate Jpax;,, min,:

ymﬂxit: A0, + almax X Xit +oeet aimax X Xit (4)

Dming = 00, + 01, X Xig + - +a; . X X, ®)

Now, let us consider the Stochastic Effects model (Figure 7).

We looked through the Breusch-Pagan test and then the Hausman tests.

Using the results of Breusch-Pagan test [30] we compared the Pooled regression model
with the Stochastic Effects model (Pooled vs. SE). p-value = 7.75515 x 10~%0 < alpha value,
respectively; from the two models, we chose the Stochastic Effects model.

Let us compare the Stochastic Effects model with the Fixed Effects model using the
Houseman test: p-value = 0.00791073, which was also less than the alpha value, respectively.
We selected the Fixed Effects model from these two models.
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In the end, it turns out that, for the period 2006-2013, the Fixed Effects model corre-
sponded best. Testing on the adequacy for the Fixed Effects model are shown. (Figure 8).

Model 4: Random-effects (GLS), using 80 observations
Included 10 cross-sectional units

Time-series length = 8

Dependent wvariable: GDPblnUSD

coefficient std. error z p-value
const -164.304 161.674 -1.016 0.3095
Oilexajoules 501.324 71.0564 7.055 1.72e-012 ***
Coalexajoules —-23.4666 109.261 -0.2148 0.8299
Renewablesexajou~ 885.315 132.934 6.660 2.749e-011 **x%
CrudeoilpriceUSD~ 1.78220 0.668940 2.664 0.0077 A XK

Mean dependent var 1054.277 S.D. dependent var 1104.923

Sum squared resid 8061736 S.E. of regression 325.6923
Log-likelihood -574.3396 Akaike criterion 1158.679
Schwarz criterion 1170.589 Hannan-Quinn 1163.454
rho 0.027463 Durbin-Watson 1.482783
'Between' variance = 93681.8
'Within' variance = 8970.87

theta used for quasi-demeaning = 0.891242
corr (y,vhat)"~2 = 0.925627

Joint test on named regressors -
Asymptotic test statistic: Chi-sqguare(4) = 126.298
with p-value = 2.40909e-26

Breusch-Pagan test -
Null hypothesis: Variance of the unit-specific error = 0
Asymptotic test statistic: Chi-square(l) = 174.485
with p-value = 7.75515e-40

Hausman test -
Null hypothesis: GLS estimates are consistent
Asymptotic test statistic: Chi-square(3) = 11.8512
with p-value = 0.00791073

Figure 7. Breusch-Pagan test, followed by the Hausman tests.

t(66, 0.025) = 1.997

VARIABLE COEFFICIENT 95% CONFIDENCE INTERVAL

const 469.174 -34.2098 972.558
Oilexajoules 227.037 -18.0891 472.163
Coalexajoules -139.940 -409.210 129.330
Renewablesexajo~ 536.659 175.788 897.529
CrudeoilpriceUS~ 1.68001 0.396795 2.96322

Figure 8. Testing on adequacy for the Fixed Effects model.

Now we check our model for adequacy. For this purpose, we calculate Jmax;,, Jmin,,:
based on Equations (4) and (5).

Since Gimax;, = 1785.189, §in, = 0.545961 and our forecast GDP = 586.8418 lay in
this interval, our model was adequate, which means that the fourth premise of the Gauss—
Markov theorem was satisfied, and the coefficients of the model were unbiased, consistent,
and efficient.

We began analysis with the Pooled regression model for countries included in Euro-
pean Union for the period from 2014 to 2020.

We considered the influence of oil prices, oil, gas, coal, nuclear energy, and renewables
consumption on economic growth of mentioned countries, specifically on GDP.

Build Pooled regression model and implement appropriate tests (Figure 9).
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Pooled OLS, using 70 observations
Included 10 cross-sectional units
Time-series length = 7

Dependent variable: GDPbln

coefficient std. error t-ratio p-value

const -110.324 370.736 -0.2976 0.7670
dt_15 -84.8282 190.045 -0.4464 0.6568
Crudeoilprice 0.799673 3.61931 0.2209 0.8258
Oilexajoules 638.136 53.0648 12.03 4.49e-018 **»
Coalexajoules -61.4635 93.2946 -0.6588 0.5124
Renewablesexajou~ 560.190 184.441 3.037 0.0035 xxR

Mean dependent var 1071.836 S.D. dependent var 1141.294

Sum squared resid 5513776 S.E. of regression 293.5179
R-squared 0.938651 Adjusted R-squared 0.933859
F(5, 64) 195.8437 P-value (F) 2.13e-37
Log-likelihood -493.9250 Akaike criterion 999.8499
Schwarz criterion 1013.341 Hannan-Quinn 1005.209
rho 0.889990 Durbin-Watson 0.153697

Excluding the constant, p-value was highest for variable S5 (Crudeoilprice)

White's test for heteroskedasticity -
Null hypothesis: heteroskedasticity not present
Test statistic: LM = 59.7203
with p-value = P(Chi-square(l1l8) > 59.7203) = 2.27033e-06

Figure 9. Output statistics for Pooled regression model in period 2014-2020.

To understand how well GDP is explained by given indicators, we should look at R-
squared modified—0.9386. It means that 93.86% of changes in GDP volume were explained
by changes in oil prices, consumption of oil, gas, coal, nuclear energy, and renewables [31].

It was assumed that the equation of model contained a random perturbation, which
means that the formula contained randomness. That is why we looked at p-value (F). It was
equal to 2.13 x 10793 (less than 2.36, see Figure 10), which means that R? was not random,
it was not formed under the influence of random variables, and the quality of the model
specification was high.

F(5, ©€4)
right-tail probability = 0.05
complementary probability = 0.95

Critical value = 2.35832
Figure 10. Critical value for Fisher test.

The next step is testing the model for heteroscedasticity (investigate the second hy-
pothesis of the Gauss—-Markov theory). It is obvious that there was no heteroscedasticity in
the model, the second premise was fulfilled, the residuals of the model were homoscedastic,
and the coefficients of the model were not biased, consistent, and efficient (Figure 11).

In the Pooled regression model, the rho = 0.89 parameter was quite close to 1, so we
still checked for the presence of individual effects, and we needed to consider other models.

Let us compare the Fixed Effects and Pooled regression models (Figure 12).

We tested the Fixed Effects model by Joint test. p-value = P(F(5,55)) = 2.422 x 10~—
the value was very small, so we chose the Fixed effects model from two models (Pooled
regression model and Model with Fixed Effects). We also conducted the Durbin-Watson
test. Stat. Darbin—Watson = 1.77. The value was low, so we needed to find critical values
according to the Darbin—Watson test:

5% critical values for Durbin-Watson test:

n=70k=6

dL=1.43
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du=1.80

It turns out that the value did not fall into the dU interval, but was quite close to the
critical value. Presumably, there was no autocorrelation in the model. It was probably
necessary to introduce an additional variable that had an impact on our dependent variable
GDP [32]. Nevertheless we first looked at the Random Effects model (see Figure 13).

White's test for heteroskedasticity

OLS, using 70 observations

Dependent variable: uhat”2

Omitted due to exact collinearity: X2_X3

coefficient std. error t-ratio p-value
const -118068 162650 -0.7259 0.4712
dc_15 128239 156041 0.8218 0.4150
Crudeoilprice -4500.51 9555.15 -0.4710 0.6396
Oilexajoules 106947 122286 0.8746 0.3859
Coalexajoules 734343 452722 1.622 0.1110
Renewablesexajou~ 256704 502011 0.5114 0.6113
X2 X4 -76203.9 58422.0 -1.304 0.1980
X2 XS -227202 212149 -1.071 0.2892
X2_Xeé 187608 280649 0.6685 0.5068
sq_Crudeoilprice 42.7337 84.2995 0.5069 0.6144
X3_X4 700.743 1118.27 0.6266 0.5337
X3_X5 -2328.20 3417.75 -0.6812 0.4988
X3 _Xé -3248.75 4905.78 -0.6622 0.5108
sq_Oilexajoules -31523.1 16293.5 -1.935 0.0586 *
X4_XS -349694 114986 -3.041 0.0037 RAR
X4 X6 436967 96308.5 4.537 3.49e-05 ***
sq_Coalexajoules 20350.4 60757.6 0.3349 0.739%0
X5_Xé 603427 304518 1.982 0.0529 o
sq_Renewablesexa~ -1.00108e+06 203396 -4.922 9.38e-06 ***

Unadjusted R-squared = 0.853147

Test statistic: TR"2 = 59.720293,
with p-value = P(Chi-square(18) > 59.720293) = 0.000002

Figure 11. White’s test.

Fixed-effects, using 70 ckservations
Included 10 cross-sectional units
Time-series length = 7

Dependent variable: GDPbln

coefficient std. error t-ratio p-value

const T749.768 193.401 3.877 0.0003 &#%
dc_15 6E.7495 58.7346 1.171 0.2468
Crudecilprice 3.75304 1.05&07 3.554 0.0008 A==
Qilexajoules 3.87377 109.648 0.03351 0.9734
Coalexajoules -147.407 99.3564 —-1.484 0.143¢&
Renewablesexajou~ 228.417 210.897 1.083 0.2835

Mean dependent wvar 1071.836 5.D. dependent war 1141.294

Sum sguared resid 312669.8 5.E. of regression 75.308831
LS50V R-squared 0.996521 Within R-sguared 0.452322
LS5OV Fi(l4, 55) 1125.329 P-value (F) 2.94e-62
Log-likelihood -393.4800 Lkaike criterion B816.959%
Schwarz criterion 850.6874 Hannan-Quinn 830.356°%9
rho -0.11991¢ Durkin-Watson 1.778010

LR test for rho = 0
Test statistic: F(5, 55) = 9.08479
with p-valus = P(F(5, 55) > 9.08479) = 2.42244e-0&

Test for differing group intercepts -
HNull hypothesis: The groups have a common intercept
Test statistic: F(9, 55) = 101.655
with p-valus = P(F(9, 55) > 101.655) = 5.37331le-31

Figure 12. Model with Fixed Effects.
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Random-effects (GLS), using 70 ocbservations
Included 10 cross—-sectional units
Time-series length = 7

Dependent wvariable: GDPFbln

coefficient =std. error z p-value
const 96.7430 181.753 0.5323 0.5945
dt_15 —-57.342¢ 57.6645 —0.9544 0.3200
Crudecilprice 1.87513 1.05423 1.714 0.0866 &
Oilexajoules 350.1%9¢ 87.4103 4.008 6.1T7e-05 *ax
Coalexajoules 15.146%9 85.6726 0.1768 0.8B597
Renewablesexajou~ 830.858 142537 5.830 5.55e-08 #=%=

Mean dependent wvar 1071.836 5.0D. dependent wvar 1141.254

Sum sguared resid Se%6650 S5.E. of regression 386.2373
Log-likelihood —-513.6835 Akaike criterion 10359.367
Schwarz criterion 1052.858 Hannan-Quinn 1044.726

Breusch-Pagan test -
Hull hypothesis: Variance of the unit-specific error = 0
Lesymptotic test statistic: Chi-sguare(l) = le3.7c6
with p—-value = 1.70151e-37

Hausman test -
Hull hypothesis: GLS estimates are consistent
Lagyvmptotic test statistic: Chi-szguare((5) = 23.6212
with p-value = 0.000256692

Figure 13. Random Effects model.

Let us test the model using the Brish-Pegan Test and the Hausman test [33].

Let us compare the random effects model with the united regressions model (Pooled)
based on the Brish-Pegan test. p-value = 1.7015 x 10~% < 0.01, respectively. We chose the
Stochastic Effects model from two mentioned models [34].

Let us compare the Stochastic Effects model with the Fixed Effects model using the
Hausman test: p-value = 0.00026. It was less than alpha (0.01), respectively. We chose the
Fixed Effects model from two models. Taking into account that the Fixed Effects model
corresponded for the period 2000-2020 and for the period that we recently considered
(2014-2020) too, we can state with full confidence that the Fixed Effects model is the most
effective for forecasting.

2.2. Analysis of the Model Received

LSDV R-squared and R-squared in limits take high values. A total of 45% of changes in
GDP were explained by changes in independent variables under Fixed Effects model [35].

p-value was extremely small = 2.94 x 107%2. So, the value of R-squared was not
random, and the quality of the model specification was high.

2.3. Simulation Results and Their Discussion

As Fixed Effect was our choice for the model, the following equation was created to
illustrate the effects that our chosen variables had on GDP (Figure 14).
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coefficient std. error t-ratio p-value

const 749.768 193.401 3.877 0.0003 **=»
dc_15 68.7495 58.7346 1171 0.2468
Crudeoilprice 3.75304 1.05607 3:954% 0.0008 **xx
Oilexajoules 3.67377 109.648 0.03351 0.9734
Coalexajoules -147.407 99.3564 -1.484 0.143¢6
Renewablesexajou~ 228.417 210.897 1.083 0.2835

Mean dependent var 1071.836 S.D. dependent var 1141.294

Sum squared resid 312669.8 S.E. of regression 75.39831
LSDV R-squared 0.996521 Within R-squared 0.452322
LSDV F (14, 55) 1125.329 P-value (F) 2.94e-62
Log-likelihood -393.4800 Akaike criterion 816.9599
Schwarz criterion 850.6874 Hannan-Quinn 830.3569
rho -0.119916 Durbin-Watson 1.778010

Figure 14. Equation effects that our chosen variables had on GDP.

GDPj; = 749.77 + 3.75*QilPrice; + 3.7*Oil(ex);; — 147.4*Coal(ex);; + 228.4*Renewables(ex);; + 68.8*dt15;; + ej;;  (6)

where:

Oilprice—Crude oil price.

Oil(ex)—oil consumption (exajoules).

Coal(ex)—coal consumption (exajoules).

Renewables (ex)—renewable energy consumption (exajoules).
Dt15—time dummy variable (for 2020 COVID pandemic).

In order to understand the significance of the explanatory variables, gretl automatically
performs the t-test and shows its results, which can be seen next to the variables in the table
for the FE model.

The regression results suggest that all explanatory variables, with the exception of coal
consumption, were significant on the 1% level, with time dummy being another exception
(significant on the 10% level instead). The conclusion that can be drawn is that, while
renewable energy does have a significant effect on economic growth, oil dynamics still play
an important role in the economic wellbeing of the selected states. Coefficients for both of
them, respectively, had a positive sign. Moreover, due to the phase-out of coal consumption,
its importance similarly diminished, and its coefficient was negative. The results for the
time dummy also indicate that the the COVID-19 pandemic did have a significant effect
on GDP. However, it is interesting to observe that the effect was positive. This may be
associated with a greater shift towards renewable energy during the pandemic [36,37].

In order to check the adequacy of the model, prerequisites for the Gauss—-Markov
theorem were checked.

Prerequisite 1: Multicollinearity.

Correlation matrix for the variables (with the exception of the time dummy) can be
seen in Figure 15.

GDP  Crudeoilprice Oilexajoules  Coalexajoules
1.0000 0.0220 0.9567 0.7959 GDP
1.0000 0.0120 0.0410 Crudeoilprice
1.0000 0.7846 Oilexajoules

1.0000 Coalexajoules

Renewablesexaj~
0.8088 GDP
-0.1030 Crudeoilprice
0.7553 Oilexajoules
0.7800 Coalexajoules
1.0000 Renewablesexaj~

Figure 15. Correlation matrix for the variables.
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As can be seen, while there are some cases of correlation over 0,75, there were no
dramatically high values for correlation between exogenous variables. Moreover, given
that the signs of coefficients for other periods were the same, we can conclude that there
was no multicollinearity present here.

Prerequisite 2: homoskedasticity.

According to the Wald test [38] for heteroskedasticity, we can reject the HO that the
units have a common error variance. Thus, we had heteroskedasticity in the residuals,
which fulfilled this premise of the Gauss—-Markov theorem.

Prerequisite 3: autocorrelation.

Gretl [39] automatically gives out the test values for the Darbin—-Watson statistic. In
this case, dW = 1.778, dL = 1.43, and dU = 1.7672. Accordingly, a table for acceptable values
can be seen in Figure 16.

- - 4-dU - du - -
0 dL dU 2 4-dU 4-dL 4
0 143 1.7672 - 2.2328 257 4

Figure 16. Acceptable values.

As can be seen, our given value lay in the “green zone”, indicating the absence of
autocorrelation. This means that the residuals were free from autocorrelation, and the
coefficients of the model were not biased, consistent, and efficient.

In order to test for adequacy (Figure 17), the prediction interval was constructed based
on the confidence interval for the coefficients:

t (55, 0.025) = 2.004
VARIABLE COEFFICIENT 95% CONFIDENCE INTERVAL
const 749.768 362.184 1137.35
dc_15 68.7495 -48.9571 186.456
Crudeoilprice 3.75304 1.63664 5.86945
Oilexajoules 3.67377 -216.066 223.413
Coalexajoules -147.407 -346.521 51.7079
Renewablesexajo~ 228.417 -194.230 651.065

Figure 17. Test for adequacy.

Now, let us check our model for adequacy; for this, we calculate Jmax;,, Jimin,: Now
we check our model for adequacy. For this purpose, we calculate §max;,, Jmin,: based on
Equations (4) and (5).

Since Jmax;, = 1963.9, Jin, = 158, and our forecast GDP = 541 lay in this interval, our
model was adequate, which means that the fourth premise of the Gauss-Markov theorem
was satisfied. and the coefficients of the model were not biased, consistent, and efficient.

Thus, we see that the economy of countries exporting oil depends on oil and non-oil
factors only by 32%, which means that it is not surprising that we missed a significant variable,
and, because of which, we have autocorrelation and heteroscedasticity in the model. It can be
concluded that the economy of the studied countries, among other things, depends on such
factors as: unemployment, population, level of education, investment, etc.

Conclusions for the model:

e In the period from 2014 to 2020, alternative energy played a higher role, and therefore
it was a significant variable. At the same time, the volatility of oil prices and its
consumption were still important for the economic growth of countries.

e Changes in oil prices, consumption of oil, and renewables positively influenced the
value of GDP of given countries (Austria, Belgium, Germany, Finland, France, Nether-
lands, Portugal, Romania, Spain, Sweden).
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The negative value for the variable “Gas Consumption” can be explained by the fact
that the increase in gas prices from 2014 to 2020 was a consequence of the increase in the
costs of its extraction and processing. That is, in principle, the increase in gas consumption
could not lead to an increase in the country’s GDP, but on the contrary, it led to a decrease
in GDP.

2006-2020 period:

In articles [40—43], the authors investigated the relationship between the unemploy-
ment rate and oil prices, oil price uncertainty, and interest rates. The paper used the method
of autoregressive distributed lag (ARDL). A fully modified conventional least squares
regression (FMOLS) was also applied to find optimal estimates of long-term coefficients for
regressions. All these tests were conducted in Sweden, Norway, Denmark, and Finland
based on monthly data from January 2008 to February 2020. The relationship was found
for Sweden, Norway, and Denmark. Long-term FMOLS regression coefficients have shown
that an increase in oil prices leads to an increase in the unemployment rate in Sweden
and Denmark. All countries, with the exception of Denmark, showed evidence of a causal
relationship between oil prices and unemployment, thus indicating a strong relationship
between these two variables.

Firstly, we built a Pooled regression model and made some important tests (Figure 18):

Model 29: Pooled OLS, using 149 observations
Included 10 cross-sectional units
Time-series length: minimum 14, maximum 15
Dependent variable: GDP

coefficient std. error t-ratio p-value

const -301.853 94.4422 -3.196 ©9.0017 e
Crudeoilprice 2.16990 1.10193 1.969 0.0509 *
Oilexajoules 611.091 28.5168 21.43 1.72e-046 ***
Coalexajoules 34.1476 49.8835 0.6845 0.4947
Renewablesexajou~ 493.473 102.272 4.825 3.55e-06 F**
dt_1is 191.463 110.636 1.731 0.0857 *

Mean dependent var 1065.970 S.D. dependent var 1121.237

Sum squared resid 12074626 S.E. of regression 290.5821

R-squared ©.935104 Adjusted R-squared ©.932835

F(5, 143) 412.1061 P-value(F) 5.01e-83

Log-likelihood -1053.471 Akaike criterion 2118.942

Schwarz criterion 2136.965 Hannan-Quinn 2126.264

rho ©.904715 Durbin-watson ©.151870

Excluding the constant, p-value was highest for variable 7 (Coalexajoules)

wWhite's test for heteroskedasticity -
Null hypothesis: heteroskedasticity not present
Test statistic: LM = 111.432
with p-value = P(Chi-square(18) > 111.432) = 1.70229e-15

Figure 18. Pooled regression model. For 20062020 period.

The adjusted R-squared was quite high, with low p-value of F, thus indicating that it
was not formed due to random chance. The rho criterion was also close to 1, thus indicating
a presence of significant individual effects.

Next, we looked at panel models (Figure 19) and compared them against OLS and
each other.

If we are to look at the joint test on named regressors (Figure 20), we can see that its
p-value was very close to 0. This means that the FE approach was preferable to OR.

The p-value in case of the Breusch-Pagan was very close to 0, which means that we
could choose the RE model over the OR. In case of the Hasusman test, the p-value was
similarly low. This, on the other hand, signified that we choose the FE approach.

As can be seen, according to the results of the tests, the FE approach was the best one
in this case. Therefore, it was used as the final modelling choice.
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Model 30: Fixed-effects, using 149 observations
Included 10 cross-sectional units
Time-series length: minimum 14, maximum 15

Dependent variable: GDP

coefficient std. error t-rat

io p-value

const 518.935 123.290 4.209 4.67e-05 ***
Crudeoilprice 2.08844 ©.333394 6.264 4.75e-09 **x*
Oilexajoules 189.064 55.4346 3.411 0.0009 nEX
Coalexajoules -80.4627 65.1032 -1.236 0.2186
Renewablesexajou~ 351.425 66.0862 5.318B 4.28e-07 ***
dt_1s5 69.5762 37.0832 1.876 0.0628 o

Mean dependent var 1065.970 S.D. dependent var 1121.237

Sum squared resid 1018947 S.E. of regression 87.20139

LSDV R-squared 0.994524 within R-squared 0.404586

LSDV F(14, 134) 1738.189  P-value(F) 5.0e-144

Log-likelihood -869.2817 Akaike criterion 1768.563

Schwarz criterion 1813.623 Hannan-Quinn 1786.870

rho 0.134107 Durbin-watson 1.450197

Joint test on named regressors -

Test statistic: F(5, 134) =

18.2107

with p-value = P(F(5, 134) > 18.2107) = 9.22418e-14

Test for differing group intercepts -
Null hypothesis: The groups have a common intercept

Test statistic: F(9, 134) =

161.546

with p-value = P(F(9, 134) > 161.546) = 2.01536e-67

Distribution free wWald test for heteroskedasticity -
Null hypothesis: the units have a common error variance
Asymptotic test statistic: Chi-square(10) = 2403.61

with p-value = o

Figure 19. Panel models.

Model 32: Random-eftects (GLS),

using 149 cobservation

Included 1@ cross-sectional units

Time-series length: minimum 14,

Dependent variable: GDP

maximum 15

S

coefficient std. error z p-value
const 97 .5975 144.286 v.6764 ©.4988
Crudeoilprice 2.28943 9.356131 6.204 5.5le-@18 ***
Oilexajoules 356.190 46.4623 7.666 1.77e-914 ***
Coalexajoules 5@.7998 59.6277 9.8519 ©.3942
Renewablesexajou~ 539.085 55.3086 9.745 1.93e-922 ***
dt_1s5 124.919 37.6934 3.314 9.e009 e
Mean dependent var 1865.970 S.D. dependent var 1121.237
sum squared resid 29799984 S.E. of regression 454,9107
Log-likelihood -1120.774 Akaike criterion 2253,548
Schwarz criterion 2271.572 Hannan-Quinn 2260.871
rho e.1341e7 Durbin-watson 1.450197
‘Between’ variance = 187452
'wWithin' variance = 7604.08
mean theta = ©.931236
corr(y,yhat)~2 = @.928154
Joint test on named regressors -
Asymptotic test statistic: chi-square(s) = 152.452
with p-value = 4,01375e-31
Breusch-Pagan test -
NMull hypothesis: variance of the unit-specific error = @

Asymptotic test statistic: chi-square(1l) = 771.581

with p-value = 8.14526e-17@

Hausman test -

Mull hypothesis: GLS estimates are consistent
Asymptotic test statistic: chi-square(4) = 26.9194

with p-value = 2.86389%e-@5

Figure 20. Joint test on named regressors.
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3. Simulation Results

Since FE is our choice for the model, the following equation was created to illustrate
the effects that our chosen variables have on GDP:

GDP;; = 518.93 + 2.08 * oilprice;; + 189.064 * Oil(ex);; — 80.4627 * Coal(ex);; + 351.425

* Renewables(ex);; + 69.57 * dt15; + ey )

where:

Oilprice—Crude oil price.

Oil(ex)—oil consumption (exajoules).

Coal(ex)—coal consumption (exajoules).

Renewables (ex)—renewable energy consumption (exajoules).
Dt15—time dummy variable (for 2020 COVID pandemic).

In order to understand the significance of the explanatory variables, gretl automatically
performs the ¢-test and shows its results, which could be seen next to the variables in the
table for the FE model.

The regression results suggest that all explanatory variables, with the exception of coal
consumption, were significant on the 1% level, with time dummy being another exception
(significant on the 10% level instead).

The conclusion that can be drawn is that, while renewable energy does have a signifi-
cant effect on economic growth, oil dynamics still play an important role in the economic
well-being of the selected states. Coefficients for both of them, respectively, had a positive
sign. Moreover, due to the phase-out of coal consumption, its importance has similarly
diminished, and its coefficient was negative. The results for the time dummy also indicate
that the COVID-19 pandemic did have a significant effect on GDP. However, it is interesting
to observe that the effect was positive. This may be associated with a greater shift towards
renewable energy during the pandemic.

In order to check the adequacy of the model, the prerequisites for the Gauss-Markov
theorem were checked.

Prerequisite 1—Multicollinearity.

In Figure 21, a correlation matrix for the variables (with the exception of the time
dummy) can be seen.

GDP  Crudeoilprice Oilexajoules  Coalexajoules

1.0000 0.0220 0.9567 0.7959 GDP
1.0000 0.0120 0.0410 Crudeoilprice
1.0000 0.7846 Oilexajoules

1.0000 Coalexajoules

Renewablesexaj~
0.8088 GDP
-0.1030 Crudeoilprice
0.7553 Oilexajoules
0.7800 Coalexajoules
1.0000 Renewablesexaj~

Figure 21. Correlation matrix for the variables for 2006-2020 period.

As can be seen, while there were some cases of correlations over 0.75, there were no
dramatically high values for correlations between exogenous variables. Moreover, as the
signs of coefficients for other periods were the same, we can conclude that there was no
multicollinearity present here.

Prerequisite 2—homoskedasticity.

According to the Wald test for heteroskedasticity, we could reject the HO that the units
had a common error variance. Thus, we had heteroskedasticity in the residuals, which
fulfilled this premise of the Gauss-Markov theorem.
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Prerequisite 3—autocorrelation.

Gretl automatically gives out the test values for the Darbin—Watson statistic. In this
case, DW =1.450197, dL = 1.6635, and dU = 1.8020. Accordingly, a table for acceptable
values can be seen in Figure 22.

- 4-dU - dU - -
0 dL dU 2 4-dU 4-dL 4
- 1.6635 1.8020 - 2.1980 2.34 -

Figure 22. Test values for the Darbin-Watson statistic.

As can be seen, our given value lay in the “red zone”, thus indicating the presence of
autocorrelation. However, this can be explained by the fact that we are only looking at the
variables from the energy sectors. It is only to be expected that some significant variables
(such as consumption and net trade, for example) are to be omitted.

In order to test for adequacy, the prediction interval was constructed based on the
confidence interval for the coefficients (Figure 23).

VARIABLE COEFFICIENT 95% CONFIDENCE INTERVAL

const 518.935 275.089 762.782
Crudeoilprice 2.08844 1.42904 2.74783
Oilexajoules 189.064 79.4237 298.704
Coalexajoules -80.4627 -209.225 48.3000
Renewablesexajo~ 351.425 220.718 482.132
dt_15 69.5762 -3.76779 142.920

Figure 23. Confidence interval for the coefficients.

The minimum value for the GDP in this case was 3,898,729, while the maximum was
1,298,872,633. The real value (GDP for Sweden in 2020) was 54,122 bln USD. As the real
value fell within the obtained interval, we can conclude that the model was adequate.

4. Discussion

We took an approach to solving the question that was raised at the beginning of the
work: how oil prices, consumption of oil, coal, and renewable energy sources affect the
GDP of the main EU oil and gas importing countries differs in the utmost accuracy of
conclusions compared to other methods of assessing such a relationship.

In this article, several models for estimating the relationship between independent
variables and a dependent variable (the GDP of European countries) were analyzed. The
analysis has shown that the best model for identifying the correct relationship is a model
with Fixed Effects.

The advantage of the model is that the model with Fixed Effects is as close to reality as
possible. It is worth noting two important details that make it so accurate:

The second premise requires that the values of regressors related to different objects
are independent of each other. However, it is important to emphasize that it admits the
existence of a relationship between the values of regressors related to the same object, but
different points in time: for example, it admits that xi3 can be correlated with xi2, and that,
in turn, can be correlated with xil. In other words, the future values of the regressor for a
given object may depend on its past values. This is a realistic assumption. For example,
oil consumption in this region today is probably related to its consumption in the past.
Similarly, oil prices in Europe today are likely to affect the future European oil price.

The fourth premise requires that the regressor be exogenous in the sense that it should
not be associated with a random error of the model. However, it admits the existence
of a correlation between the value of the regressor xit and the fixed effect pi. This is
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also a realistic premise. As part of our example about energy consumption, the cultural
characteristics of a given region (which are precisely characterized by its fixed effect) can
influence the decision to change the price of this energy source (that is, the value of xit).

This study made an attempt to take into account the most significant factors influencing
sustainable growth within the macro level. The use of mathematical tools made it possible
not only to increase the accuracy of the conclusions compared to other methods, but also to
identify its fixed effects in each analyzed period, which increases the accuracy of the models
that describe the impact of the variables we have chosen on the GDP and sustainable growth
of countries. At the same time, it should be noted that the unsustainable development of
the global economy imposes its effect on the development model.

5. Conclusions and Recommendations

To sum it up, there were observed three periods of GDP growth and other variables
influencing those periods. In all of these time periods, the best model for evaluating the
significance of factors in GDP growth became the Fixed Effects model. The results of
analysis were approximately the same: renewable energy did have a significant effect
on economic growth, while oil dynamics still played an important role in the economic
well-being of the selected states. Coefficients for both of them, respectively, had a positive
sign [44,45].

Nevertheless, the only difference in these time intervals is the following fact: It is
important to mention that there was a multi-caliber in oil consumption between models of
2000-2008 and 2006-2020. This is due to the fact that the price of oil rebounded strongly
since 2005-2006, which did not have a negative impact on GDP. We believe that this
situation caused multicollinearity in our model—this was a characteristic feature of the
period 2000-2008, since, in the subsequent period 20062020, there was no such effect in
this indicator.

In conclusion, we can say that the value of renewable energy has increased significantly
over the years. It is not surprising that many countries, especially ones from the EU, are
pushing for it. Our recommendation is that they stay the course. More attention must be
paid to the area of renewable energy, as well as the ways that it can be implemented.

On the other hand, oil still has a significant impact on the economy of many states.
Thus, while renewable energy is good for the future, the shift from fossil fuels to alternative
sources of energy must be gradual, so as to escape major ramifications that such sharp hits
may have. Coal is of much lesser importance, so it is advisable to move away from it.

In the future, this analysis could be expanded to provide a more detailed description
of the effect of specific types of renewable energy, as well as the effect on nuclear energy.
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